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???? ??????????
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▶ ??????? ??? ????
▶ ?????????? ?? ???????? ▲ ???? ?? ??? ???
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▶ ?????????? ? ????
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???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
??? ??? ? ????
????????????
▶ ??????
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▶ ??????? ≈ ?? ?
▶ ?????????? ≈ ??? ????
▶ ??????? ≈ ??? ??
▶ ?????????? ≈ ??? ?????
???? ??????????
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▲ ????? ??? ?? ??? ????? ????? ????
??? ??????????
▶ ??????? ??? ????????
▶ ?????????? ? ????
▶ ??????? ?? ? ???? ??
▶ ?????????? ≈ ???? ? ???? ?????
?????????? ?????
▶ ???????? ??? ???? ???? ?? ?????
▶ ??? ???? ??? ????????
▲ ??? ?? ???
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
???? ??? ??? ? ????
????????????
▶ ????? ????
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▶ ?????? ???????? ±????
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▶ ??????????????? ????????? ????
▶ ???????
????????
▶ ?????? ???? ????
???????
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??? ??????????
▶ ??????? ≈ ? ?
▶ ?????????? ≈ ???? ????
▶ ??????? ≈ ?? ??
▶ ?????????? ≈ ???? ?????
?????????? ?????
▶ ?? ??????? ????????
▲ ??????????????? ??? ?? ????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
???? ??? ??? ? ???? ???????
????????????
▶ ????? ????
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▶ ??????? ? ?????? ???
▶ ???? ? ????????? ??????? ????
??????????
▶ ???? ???????
▲ ????? ??? ?? ??? ????
??? ??????????
▶ ??????? ≈ ?? ?
▶ ?????????? ≈ ???? ????
▶ ??????? ??? ????????
▶ ?????????? ??? ????????
?????????? ?????
▶ ?? ??????? ????????
▲ ??????? ??? ?? ????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
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▶ ?????? ???? ????
???????
▶ ??????? ? ???
▶ ???? ? ??? ??????
??????????
▶ ????? ???????? ???? ???
▶ ???? ?? ??? ???
▲ ????? ??? ?? ???
??? ??????????
▶ ??????? ? ?
▶ ?????????? ≈ ? ????
▶ ??????? ?? ??
▶ ?????????? ≈ ? ?????
?????????? ?????
▶ ??? ????? ???? ??? ? ????
▶ ???? ??? ???????? www.sts-trafo.de
Railway
MF Transformer for Traction
Applications
• MF transformer directly  
 linked to catenary  
 (15 kV @ 16 2/3 Hz,  
 25 kV @ 50 Hz)
• Cascadable –  
 e. g. 9 x 450 kW = 4 MW
• High Voltage P.D. stable  
 insulation system up to  
 37 kVrms (P. D. < 5 pC)
• Switching frequency: 8 kHz
• Power: 450 kW / 600 kVA  
 (single transformer)
• Weight: 50 kg
• Efﬁciency: 99,7 %
Your beneﬁts
• Distributed traction power  
 supply possible
• Reducing system weight  
 by 40 %
• Long life time due to P. D.  
 free solid-ﬂuid insulation  
 system
• Low noise
• Environmental insulation  
 and cooling system of  
 transformer
▲ ??? ?? ???
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??






▶ ????? ???????? ±????
▶ ?????? ???????? ±????
???? ????????
▶ ???????????????
▶ ? ????? ????????
????????
▶ ???? ???? ?? ?????????
???????
▶ ??????? ? ???
▶ ???? ? ???
??????????
▶ ????? ? ???? ?????
▶ ???
▲ ????? ??? ?? ??? ????
??? ??????????
▶ ??????? ≈ ???? ?
▶ ?????????? ≈ ??? ????
▶ ??????? ≈ ?? ??
▶ ?????????? ≈ ??? ?????
?????????? ?????
▶ ??? ????? ????
▶ ???? ?????
▲ ??? ?? ???
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??





▶ ?????????? ????? ? ?????
▶ ????? ???????? ±????
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▶ ??? ???????? ? ???
??????????
▶ ??? ???????
▲ ????? ??? ?? ??? ????
??? ??????????
▶ ??????? ≈ ?? ? ??? ? ??????? ?????????
▶ ?????????? ≈ ??? ????
▶ ??????? ≈ ?? ??
▶ ?????????? ≈ ??? ?????
?????????? ?????
▶ ??? ????? ????
▶ ???? ??? ????????
▲ ??? ?? ??? ??? ????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??






▶ ????? ???????? ±????
▶ ?????? ???????? ±????
???? ????????
▶ ????????? ??????? ? ??????
▶ ? ?????
????????
▶ ?????? ???? ????
???????
▶ ??????? ? ???
▶ ???? ? ??? ?????? ????????
??????????
▶ ???
▲ ????? ??? ?? ???? ????? ????
??? ??????????
▶ ??????? ≈ ???? ?
▶ ?????????? ≈ ??? ????
▶ ??????? ≈ ?? ??
▶ ?????????? ≈ ??? ?????
?????????? ?????
▶ ??? ???? ????
▶ ???? ??? ?????????






















▲ ??? ?? ????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
??????? ? ??? ???????
??????? ?? ??? ???????
▶ ????? ????? ???? ????? ??????
▶ ??????? ????????
▶ ????? ????? ?????? ??????????? ???? ????? ????
▶ ????? ????????????????? ?????????? ???????




▶ ?????? ?? ???? ?????????
▶ ???? ?????? ???????????
▶ ???? ??????? ?? ??? ?????? ?????
?????? ??????? ???????
????? ?? ?? ???? ?????????
?? ???? ?????????? ???????? ???????? ???⇒
▲ ??????? ???????? ?? ???? ???????? ?? ?????????? ????
www.sts-trafo.de
Railway
MF Transformer for Traction
Applications
• MF transformer directly  
 linked to catenary  
 (15 kV @ 16 2/3 Hz,  
 25 kV @ 50 Hz)
• Cascadable –  
 e. g. 9 x 450 kW = 4 MW
• High Voltage P.D. stable  
 insulation system up to  
 37 kVrms (P. D. < 5 pC)
• Switching frequency: 8 kHz
• Power: 450 kW / 600 kVA  
 (single transformer)
• Weight: 50 kg
• Efﬁciency: 99,7 %
Your beneﬁts
• Distributed traction power  
 supply possible
• Reducing system weight  
 by 40 %
• Long life time due to P. D.  
 free solid-ﬂuid insulation  
 system
• Low noise
• Environmental insulation  
 and cooling system of  
 transformer
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
?????? ?????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
?????????
???? ?????? ??????? ??? ??????????
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???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
???????? ????????? ? ??????? ?????
????????????? ? ??????? ?????
▶ ???? ????? ????? ?? ??????? ???????? ?? ???????? ???????????
▶ ?????? ???? ??? ???? ????????? ????????????
??????????
▶ ???? ??????? ???????????? ?????
▶ ???? ?????????? ??? ???????
▶ ???? ????????????????
▶ ?????????? ??? ????
▶ ???????????? ??????
▶ ??????? ???? ?????? ????????? ????? ?? ?????
?????????????
▶ ???? ?????????? ???? ????????????? ??????????????
▶ ???? ???? ??????? ???? ????? ???????? ?????????????
▶ ???????? ????? ??????????????????
?????????? ? ????? ???????????? ???? ???? ??? ???? ????? ????????????
?.? ∼ ?.? ? ?.? ∼ ??? ⋅ ??? ?? ∼ ??? ???? ? ⋅ ??? ∼ ? ⋅ ??? ???
?





























25Hz, B = 0.55 T 500Hz, B = 0.55T
▲ ???????? ???????? ??? ????? ?? ??????? ????????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
???????? ????????? ? ????????? ?????
????????????? ? ????????? ?????
▶ ???? ????? ????? ?? ??????? ?? ???? ???? ??????? ??????? ?????????
▶ ??? ???? ???? ????????? ??? ????????? ????????? ????????????
??????????
▶ ???? ?????????? ??? ???????
▶ ??? ?????????? ????




▶ ?????????? ?????? ??????? ???????????? ?????
▶ ???? ???? ???????? ????? ??????????????????
▶ ?? ???? ???? ?????? ????????? ????????? ?? ?????
▶ ?????????? ?????????
?????????? ? ????? ???????????? ???? ???? ??????? ????? ????????????
?.? ∼ ?.? ? ?.? ⋅ ??? ∼ ?? ⋅ ??? ? ∼ ?? ???? < ? ⋅ ??? ???
1kHz, B = 0.26 T 1kHz, B = 0.9 T
?










































▲ ???????? ???????? ??? ????? ?? ??????? ??????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
???????? ????????? ? ??????????????? ?????
????????????? ? ??????????????? ?????
▶ ???? ????? ????? ?? ??????? ?? ???? ???? ???? ????? ??????? ??
??????? ?????????
▶ ??? ???? ???? ????????? ??? ????????? ????????? ????????????
??????????
▶ ?????????? ?????? ??????? ???????????? ?????
▶ ???? ?????????? ??? ???????
▶ ??? ?????????? ????
▶ ???? ?????????????????
▶ ??? ???????? ?????
?????????????
▶ ???? ??????? ???? ???????????? ?????? ?? ??? ???? ?????
▶ ???????????? ???????
▶ ?? ???? ???? ?????? ????????? ????????? ?? ?????
▶ ?????????? ?????????
?????????? ? ????? ???????????? ???? ???? ??????? ????? ????????????
? ∼ ?.? ? ?.? ⋅ ??? ∼ ??? ⋅ ??? < ?? ???? ? ⋅ ??? ∼ ? ⋅ ??? ???
Very brittle
1kHz, B = 0.45 T 1kHz, B = 1.1 T
?






































▲ ???????? ???????? ??? ????? ?? ????????? ????
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
???????? ????????? ? ????????
????????????? ? ????????
▶ ??????? ???????? ???? ???? ?????? ?? ????????? ?????? ???
???????
▶ ??? ???? ???? ????????? ??? ????????? ????????? ????????????
??????????
▶ ?????????? ?????? ??????? ???????????? ?????
▶ ??? ?????????? ????
▶ ???? ??? ???? ??????? ????
▶ ??? ???????? ?????
▶ ?????????? ??? ????
▶ ??????? ???? ?????? ?????????
?????????????
▶ ??? ?????????? ??? ???????
▶ ?????? ????? ?? ??????? ????????????
▶ ???????? ?????????? ??????????? ???? ??????????? ????????
▶ ???????????? ???????
?????????? ? ????? ???????????? ???? ???? ??????? ????? ????????????
?.? ∼ ?.? ? ?.? ⋅ ??? ∼ ?? ⋅ ??? ? ∼ ??? ???? ? ? ⋅ ??−? ???
1kHz, B = 0.2 T 1kHz, B = 0.4 T
?
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??????? ???????????? ??? ?/??
??? ????? ?◦ ?? ???◦ ?? ?? ⋅ ??−? ?−?
??????? ?.? ?/???
??????? ????? ???? ◦?
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 ??(?)??  = ⎧⎪⎪⎨⎪⎪⎩
? ??? (? − ?)?
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?? ??? ??
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?? = ?? ∫
?
? ??
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?? = ???? ????(??)????(????) − ???? ????(?(? − ???))????(????)
?? = ????? ????(??)????(????) − ????? ????(?(? − ???))????(????)
? = ? + ?? ; ? =
√ ?
??? ;
???? ??????? ???? ????????????
?? = ?? ∫ ??∗??; ?? = ??
??
???? ? [?? + ?? (?? − ?)??] ;























? ; ?? =
?? − ??????
??? − ? ; ? = ???;
??? =
√ ??
?? ; ??? =
√????;
?? = ????
?′ = √??; ? = ??? ????? ;
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
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?????? ??????? ?????????? ??????
▶ ???????? ?????????? ???????
??? = ????
?? = ? − ? − ?
−???/(???+??+???)
???/(??? + ?? + ???)
▶ ?????????? ?? ??????? ????? ??? → ?????
?? = ????? ???? [ ????????? ??? + ????????? ??? + ??
+ ???? (??? − ?)(???? − ?)???? + ???? (??? − ?)(???? − ?)???? ]
?′ = √??; ? = ??? ????? ;
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
????????? ??????? ?????????? ??????? ??????
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▶ ???????? ?????????? ???????
??? = ????
?? = ? − ? − ?
−???/(???+??+???)
???/(??? + ?? + ???)
▶ ?????????? ?? ??????? ????? ??? → ?????
?? = ????? ????? [ ????????? ??? + ????????? ??? + ??
+ ???? (??? − ?)(???? − ?)???? + ???? (??? − ?)(???? − ?)???? ]
?′ = √??; ? = ??? ?????? ;
???? ????? ??????????? ???? ??????? ?? ???? ????? ??????????? ?????????? ? ?? ?? ??
????????? ??????????? ??????????
















?′? = ?????; ??? = ? + ?√?? ?? ( ???? ) ;
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Designs with standard core and wire
Power Density [kW/kg]































Designs with standard core and wire
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Designs with standard core and wire
Filtered standard designs
Power Density [kW/kg]































Designs with standard core and wire
Filtered standard designs
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Designs with standard core and wire
Filtered standard designs
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Leakage Inductance L? [?H]
Frequency [Hz]
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